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The a t t ached  charts ( 1 - 2 0 )  were used t o  p r e s e n t  
r e s u l t s  of t h e  LRV Lunar Traverse Obstacle Avoidance Study 
t o  the Lunar Surface  Operations P lanning  meeting a t  MSC on 
May 1 2 ,  1 9 7 1 .  The purpose of t h e  s tudy  w a s  t o  e v a l u a t e  t h e  
effects of l u n a r  s u r f a c e  obstacle avoidance on t h e  speed 
and wander factor of t h e  LRV. T h i s  in format ion  i s  needed by 
miss ion  p l anne r s  t o  enable  s a f e  and rea l i s t ic  mission p lanning .  

The s tudy  was begun by gene ra t ing  a scale model of 
expected l u n a r  s u r f a c e  features which are not  l a r g e  enough t o  
be above t h e  r ecogn i t ion  th re sho ld  of e x i s t i n g  s i t e  photography 
f o r  Hadley.* The f l a t  scale model of t h e  luna r  s u r f a c e  repre-  
s e n t e d  an area of 1 0 0  meters by 200 meters. The crater  s i z e s  
and d e n s i t i e s  w e r e  based on numbers developed from Ranger and 
O r b i t e r  photography and on crater  counts  from high r e s o l u t i o n  
photography nea r  Hadley . 

Next, a scale model LRV which l e f t  a trace of i t s  
p a t h  was d r i v e n  ac ross  t h e  crater f i e l d  on n ine  d i f f e r e n t  
cour ses .  The v e h i c l e  w a s  d r iven  according t o  d r i v i n g  r u l e s  
shown on c h a r t s  16  and 1 7 .  All craters l a r g e r  than one  meter 
i n  diameter w e r e  avoided, and t h e  v e h i c l e  was d r i v e n  wi thout  
speed  adjustment  through a l l  c r a t e r s  less than  one meter. 
Stopping or  backt racking  w a s  n o t  pe rmi t t ed  and whenever t h e  
v e h i c l e  l e f t  t h e  s t r a i g h t  l i n e  course t o  avoid an o b s t a  
it w a s  d r i v e n  so as t o  r e t u r n  i t  t o  t h e  o r i g i n a l  course 
t h e  m o s t  r easonable  manner. A f t e r  t h e  n ine  v e h i c l e  p a t  
w e r e  e s t a b l i s h e d  w i t h  only craters fo r  o b s t a c l e s ,  bould 

t r i b u t i o n s  based on MSFC d a t a  for  smooth mare i n t e r c r a t  
w e r e  p laced  on t h e  s u r f a c e  model according t o  random d i  REEIVED = 

*"Development of a Lunar Surface  Model f o r  H 
N o r t h , "  H. F. Connor, t o  be publ ished.  



- 2 -  

blocks.  Resu l t s  i n d i c a t e d  t h a t  t h e  boulders  caused very  
l i t t l e  change i n  t h e  p a t h s ,  so they  w e r e  n o t  considered any 
f u r t h e r  i n  t h e  s tudy .  

The f i n a l  s t e p  was an a n a l y s i s  of t h e  v e h i c l e  p a t h s ,  
which w e r e  measured t o  determine wander f a c t o r .  Vehicle  
a c c e l e r a t i o n ,  d e c e l e r a t i o n ,  t u r n i n g  and c o n t r o l l a b i l i t y  charac- 
terist ics (charts 1 4  and 15), as provided a t  t h e  LRV DCR, w e r e  
a p p l i e d  t o  t h e  v e h i c l e  pa ths  t o  determine average speed and speed 
made good (as de f ined  on c h a r t  1 9 ) .  I t  w a s  found from t h e  s tudy  
t h a t  t h e  average wander f a c t o r  w a s  5 .2% and t h e  v e h i c l e  average 
speed w a s  7.7 km/hr, a 23% r educ t ion  f r o m  t h e  h i g h e s t  speed 
(10 km/hr c o n t r o l l a b i l i t y  l i m i t )  used du r ing  t h e  t r a v e r s e s .  
The average speed made good w a s  7 . 4  km/hr which i s  a 26% reduc- 
t i o n  f r o m  t h e  1 0  km/hr maximum. 

The r e s u l t s  a l s o  show t h a t  wander factor and speed 
made good are n o t  n e c e s s a r i l y  i n v e r s e l y  p ropor t iona l .  For 
example, traverses 1 and 9 ( c h a r t  1 9 )  have wander f a c t o r s  of 
8.4% and 1 0 . 6 %  r e s p e c t i v e l y ,  and t h e  a s s o c i a t e d  speeds made 
good are 5.5 and 6 .9  km/hr; traverses 6 and 7 have wander 
factors of  1 . 9 %  and 1.8% r e s p e c t i v e l y ,  and the a s s o c i a t e d  
speeds made good are 6.9 and 9 . 1  km/hr. 

A s  shown on t h e  f i n a l  c h a r t ,  many f a c t o r s  t h a t  could 
a f f e c t  t h e  performance of the a s t r o n a u t s  and t h e  LRV w e r e  n o t  
cons idered  i n  t h e  s tudy .  I t  i s  l i k e l y  t h a t  vehicle speeds may 
w e l l  dec rease  even more when t h o s e  f a c t o r s  are considered.  

\&-e w 
H. F. Connor 
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